Fractures in elderly populations result from the combination of falls and osteoporosis. We report a systematic review of studies indexed in PubMed reporting annual rates of low-trauma falls and associated osteoporotic fractures among older communitydwelling people (age $ 50 years). An osteoporotic fracture was defined as either a fracture resulting from a low-impact fall in subjects with clinical osteoporosis, a fall resulting in an investigator-defined osteoporotic fracture, or a fall resulting in a low-trauma fracture. Rates are presented using descriptive statistics. Meta-analysis was conducted for statistically homogeneous data sets.
Introduction
Fractures in elderly populations arise predominantly from the combination of falls and low bone density. The odds of a fracture are 7-9 times higher among communitydwelling postmenopausal women with both a fall and osteoporosis or osteopenia, compared with women having a fall or osteoporosis/osteopenia only. 1 Estimates of rates of falls and resulting osteoporotic fractures are needed to guide health care policy, but there is no recent overview of studies reporting these statistics. The objective of this report is to review evidence of the epidemiology of lowimpact falls and resulting osteoporotic fractures among older community-dwelling adults.
Materials and methods

Literature search
Searches of PubMed were conducted in March 2012 for primary studies of falls among older community-dwelling populations. The last PubMed search was completed on March 16, 2012 [text] . These searches identified 459 unique articles. In addition, primary studies were identified from review articles. 2, 3 Articles were screened and included if they were studies of older community-dwelling populations (age $ 50 years) and reported statistics on rates of falls and osteoporotic fractures (see below). A total of 34 articles reporting one or more of the relevant statistics were identified. 1, In addition, studies of the costs of falls were searched for with the algorithm: fall*[title word] AND cost[title word], and articles reporting national costs identified.
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Definitions
The formal definition of a fall is "a sudden, unintentional change in position causing an individual to land at a lower level, on an object, the floor, or the ground, other than as a consequence of sudden onset of paralysis, epileptic seizure, or overwhelming external force". 42 In this review, a fall was any type of fall, whether from a height, down a gradient, or from standing height, and whether or not an injury resulted. A low-impact or low-trauma fall was a fall from standing height, such as from slipping, tripping, or stumbling on the same level or on stairs, and not from a height, such as from a ladder or scaffolding (specific definitions used in the articles reviewed are presented in the Results section). An osteoporotic fracture was: a low-trauma fracture occurring in a person with osteoporosis, where osteoporosis was defined by a T score # −2.5; 43 a fracture due to a low-impact fall, excluding falls with traumatic impact that would result in a fracture in a young, healthy person; a fracture defined by the investigators as an osteoporotic fracture; or a fracture defined by the investigators as a fragility fracture or, synonymously, a low-trauma or low-energy fracture. 44, 45 
Data analysis
The following statistics were extracted from prospective cohort studies: annual prevalence of low-impact falls, annual incidence of low-impact falls, and the proportion of low-impact falls resulting in osteoporotic fracture (statistics were extracted independently by AM and LW). Data were analyzed for populations of women and men combined ("women/men"), women alone, and men alone, and for general Western populations and East Asian populations. A descriptive analysis was conducted, and the results presented as a median and/or range of values from individual studies, stratified by gender and race. Fall incidence rates were calculated from the number of falls and number of person-years. A meta-analysis was conducted for fall prevalence and incidence rates and for the proportion of low-trauma falls with fracture in prospective cohort studies using fixedeffects and random-effects models, and the results presented in forest plots. Ratios of fall prevalence and incidence rates in men versus women were calculated from cohort studies reporting results for both men and women, thereby controlling for variability between studies. Pooled risk or rate ratios were computed and stratified by race, using randomeffects models. Heterogeneity across studies was examined using the P value of the Q statistic and I 2 values (for Q, a P value , 0.10 was the threshold for statistical heterogeneity between studies; an I 2 value of 0.0 indicates the absence of heterogeneity). Pooled statistics are reported within the text only for statistically homogeneous data sets. Meta-analytic calculations were conducted using Comprehensive MetaAnalysis, version 2.
The proportion of low-trauma fractures attributable to low-impact falls and the proportion of fractures that were osteoporotic were extracted from cohort or cross-sectional studies. The proportion of all fractures that are osteoporotic was determined from studies in which investigators directly reported this statistic, measured either by bone mineral density measurement in subjects with a fracture, or by degree of trauma associated with the fracture event. A descriptive analysis was conducted. Results were presented as ranges of values from individual studies. Statistical outliers were identified by applying Dixon's test at an alpha value of 0.10. 
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Results
Low-impact falls in prospective cohorts of older community-dwellers
A total of 16 articles reported the prevalence and/or incidence of low-impact falls in Western populations of older women/ men, [4] [5] [6] [7] [8] 10, 12, 14, 15, 17, 20, 21, 24, 30, 36 women alone, 11, 19, 25, 29, 35 and men alone, 13 and three articles reported these statistics for East Asian populations 18, 27, 28 (Supplementary Table A) .
Definition of a low-impact fall
Most of the studies applied a standard definition of a fall that excluded falls from a height, so that the fall was in effect low-impact or low-trauma. Nevitt et al specified falling to the floor or falling and hitting an object such as a chair or steps, and excluded major impact. 6 Other definitions were: landing on the floor or other lower level, including stairs, by accident, 18 "an unintentional change in position resulting in coming to rest on the ground or another lower level, and not as a result of a major intrinsic event (eg, stroke, syncope) or overwhelming hazard (eg, car accident)", 4, 30 "unintentionally coming down on the floor or to a lower level", 10, 24, 36 "an unintentional change in position to the floor or ground", 15 "losing your balance such that your hands, arms, knees, buttocks or body touch or hit the ground or floor", 17 "an unexpected event when the person fell to the ground on the same or from an upper level, taking the falls on stairs and those onto a piece of furniture into account", 14 "an event in which the participant unintentionally comes to rest on the ground or at a lower level", 29 "unintentionally coming to rest on the ground, floor, or other lower level for reasons other than sudden onset of acute illness or overwhelming external force", 35 or "an event which results in a person coming to rest unintentionally on the ground or other lower level, not due to any intentional movement, a major intrinsic event (eg, stroke) or extrinsic force (eg, forcefully pushed down, knocked down by a car)". 28 
Prevalence and incidence of low-impact falls in Western populations
The median (range) annual fall prevalence rates for cohorts of women and men (10 studies), women alone (seven studies), and men alone (four studies) were, respectively, 0.334 (0.217-0.625), 0.460 (0.372-0.517), and 0.349 (0.284-0.526). All three of these data sets were statistically heterogeneous ( Figure 1 ). 
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The median (range) fall incidence rates (95% confidence interval [CI]) for women/men (eight studies), women alone (five studies), and men alone (four studies) were, respectively, 0.530 (0.229-0.948), 0.687 (0.536-1.028), and 0.534 (0.368-1.630). The fall incidence rate of 1.630 per patient per year reported in a study of male veterans by Studenski et al 13 is a statistical outlier among the studies of men; the median value (range) for studies of men excluding the one by Studenski et al (three determinations) is 0.428 (0.368-0.64). All of these data sets are statistically heterogeneous ( Figure 2 ).
Rates of low-impact falls in Western men versus women
The median fall rates for men were lower than those for women, although ranges of values overlapped. However, in the four studies that reported data for both genders separately, fall rates in men and women were significantly different. 5, 17, 21, 29 The pooled risk ratio (95% CI) for fall prevalence in men versus women was 0.805 (95% CI 0.721-0.900; four determinations). 5, 17, 21, 29 The pooled rate ratio for fall incidence in men versus women was 0.757 (95% CI 0.578-0.991; three determinations). 5, 10, 12 Prevalence and incidence of low-impact falls in older East Asian populations Three studies reported fall statistics for East Asian populations (Hawaiian Japanese, mainland Chinese, and Hong Kong Chinese, Supplementary Table A) . 18, 27, 28 The ranges of fall prevalence rates in East Asian women (two studies) and East Asian men (two studies) were, respectively, 0.163-0.258 and 0.087-0.184 (Figure 3 ). These ranges are lower than and do not overlap the corresponding ranges for Western women (0.372-0.517) and Western men 0.284-0.526.
The fall incidence rates in East Asian women (two studies) and East Asian men (three studies) were 0.276-0.324 and 0.434-0.771 (Figure 4 ). The range of values for fall incidence in East Asian women is lower than and does not overlap that for Western women (0.536-1.028). The range for East Asian men overlaps that for Western men (0.368-1.630).
Two studies reported fall prevalence rates for East Asian men and women separately. 18, 27 The risk ratio (95% CI) for fall prevalence in East Asian men versus women was 0.634 (0.479-0.838). Two studies reported fall incidence rates for East Asian men and women separately. 18, 28 The rate ratio (95% CI) for fall incidence in East Asian men versus women was 0.597 (0.447-0.798, P of Q 0.10). 
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Osteoporotic fractures resulting from low-impact falls
Proportion of low-impact falls resulting in osteoporotic fractures
Most of the data on fractures caused by low-impact falls comes from Western populations of community-dwelling women and men combined ( Figure 5 ). In five cohorts of women and men (excluding one by Tinetti et al, 15 which is an outlier), the pooled event rate (95% CI) was 0.041 (0.031-0.054) in the fixed-effects analysis (P of Q 0.15,
I
2 40.1%). In the Study of Osteoporotic Fractures, the largest (n = 6049) cohort study of (non-black) Western women, the proportion of falls resulting in nontraumatic, nonspinal fractures was 0.0445.
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Proportion of low-impact fractures attributable to falls
The proportion of low-trauma fractures attributable to falls among the community-dwelling elderly was reported for the Study of Osteoporotic Fractures and Osteoporotic Fractures in Men Study cohorts of, respectively, women and men, and in several cross-sectional studies of women and men (Supplementary Table B ). The range of values for low-trauma fractures at all sites, pelvis, or femoral neck was 0.860-0.950 (five studies, excluding the value of 0.623, which is a statistical outlier, Table 1 ). 34 The value for fractures at all sites in the Study of Osteoporotic Fractures cohort was 0.940. The range was 0.71-0.75 in the two Study of Osteoporotic Fractures studies of fractures of the arm.
Proportion of fractures that are osteoporotic
Ten studies reported the proportion of fractures that are osteoporotic in women and men, 23, 26, 32 women alone, 1, 22, 26, 31, 34 and men alone. 31 These studies varied in design, in fracture site classification, and in osteoporotic fracture definition (Supplementary Table B ). Fractures were defined as osteoporotic by investigators in several large cohort studies. 26, 47, 48 Other studies reported the proportion of subjects experiencing a Event rate and 95% Cl Figure 5 Proportion of low-impact falls resulting in fractures in prospective cohorts of older community-based Western populations. Notes: Shown is the proportion of falls resulting in fracture(s) in prospective community-dwelling cohorts of women and men, where both the numbers of falls and resulting fractures were reported. The attribution of fractures as osteoporotic is based on a fall defined as low-trauma in an elderly population. The pooled event rate (95% confidence interval) for the six cohorts of women/men is 0.085 (0.074-0.098) in the fixed-effects analysis and 0.048 (0.026-0.087) in the randomeffects analysis; P of Q 0.000, I
2 88.8%. For the five cohorts of women/men after excluding Tinetti et al, 15 which is a statistical outlier, the pooled event rate (95% confidence interval) is 0.041 (0.031-0.054) in the fixed-effects analysis and 0.040 (0.027-0.058) in the random-effects analysis; P of Q 0.154, I 2 40.1%. Note that all the fractures in the Berg et al 17 cohort occurred in women, and none occurred in men. Abbreviation: CI, confidence interval.
submit your manuscript | www.dovepress.com Dovepress Dovepress fracture who had low bone mineral density (osteopenia and/or osteoporosis). 1, 22, 34 The degree of trauma involved in fracture was reported in some studies. 23, 31, 32 A range of 0.716-0.924 for fractures at all sites were osteoporotic ( Table 2 , eight studies, excluding the value of 0.530, which was a statistical outlier, from a registry in Sweden 
Discussion
In Western cohorts of older women and men, annual prevalence rates of low-impact falls were within the range of 0.217-0.625. Fall prevalence rates were 20% lower in men than in women. A median of 4.1% of low-impact falls resulted in fractures in cohorts of Western women and men. The percentages of all low-trauma fractures attributable to low-impact falls and all fractures that were osteoporotic were similar, ranging from 86.0% to 95.0% and 71.6% to 92.4%, respectively. Corresponding rates of fractures of the arm were lower.
The data set for fall rates in East Asians was small (three studies). Because our analysis was restricted to articles in English, it is possible that some studies were missed. Nevertheless, fall prevalence rates for East Asians in the studies analyzed were consistently lower than corresponding rates for Western populations. A lower rate of falls among East Asians than among Western populations was first noted by Davis et al, who suggested that this could explain the lower rate of hip fractures in East Asian populations than in White populations. 18, 49 With minor exceptions, fall incidence rates showed the same demographic differences as those seen with fall prevalence. The individual studies of both fall prevalence and incidence rates were highly statistically heterogeneous. We examined the contribution of two variables, ie, gender ratio and age, to this heterogeneity in meta-regression of cohorts of Western women and men (AM, LW, unpublished data). There was no statistically significant relationship between fall submit your manuscript | www.dovepress.com Dovepress Dovepress prevalence and gender ratio. Note also that the fall rate data sets for the individual genders were heterogeneous. There was a statistically significant inverse relationship between fall prevalence and mean age. A possible explanation for this counterintuitive finding is that individuals more likely to fall tend to leave the community. Consistent with this, rates of falls were higher in studies of the institutionalized elderly. Means of annual fall incidence rates reported in studies of the hospitalized elderly and those in long-term care were 1.4 and 1.6, respectively, compared with a median of 0.53 reported here for studies of community-dwelling populations. 2 Values for rates of low-impact falls and fractures may be applied to national statistics in illustrative calculations of the burden and cost of falls in the US. Point estimates for women and men indicate that 1.4% of the community-dwelling elderly experience a fracture annually due to a low-impact fall (0.334 × 0.041 × 100). Extrapolating to the 39 million US population $ 65 years living outside of skilled nursing facilities in 2010 50 yields a total of 0.53 million such fractures per year. The value of 1.4% is similar to an estimate from the 1997 US Medical Expenditure Panel Survey, which indicated that 7.1% of the community-dwelling elderly ($65 years) received medical care for a fall-related injury and that 24.6% of these injuries were fractures. 38 These figures suggest that 1.7% (product of 7.1% and 0.246%) of the community-dwelling elderly experienced a fall-related fracture.
The most recent estimates of costs of fall-related injuries in US adults . 65 years are for the year 2000. 39 Fall-related major injuries can include fracture, joint dislocation, laceration requiring suture, and head injury resulting in loss of consciousness and hospitalization. 51, 52 Nonfatal fall-related fractures cost approximately $12 billion in direct medical expenditure. Estimates from the present analysis indicate that 71.6%-92.4% of fractures in community-dwelling older populations are osteoporotic, so the estimated cost of fallrelated osteoporotic fractures would range from 8.6 billion (71.6% of $12 billion) to 11.1 billion (92.4% of $12 billion) in 2000 dollars, translating to $12.9 to 16.6 billion in 2010 dollars (inflated using the medical component of the Consumer Price Index). This estimate does not include nursing home stays attributable to fractures, which are an important contributor to costs, 53, 54 or the costs of nonfatal falls in the institutionalized population.
Conclusion
Osteoporotic fractures largely result from the combination of two factors, ie, low bone mass and a fall. In this review, we have updated epidemiologic statistics for rates of low-impact falls in older community-dwelling populations and estimated rates of fractures that can be considered to be osteoporotic. Application of these statistics to published analyses of national survey data on falls and fractures in 2000 suggests that there were 0.53 million fall-related osteoporotic fractures among the community-dwelling elderly in 2010.
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